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ABSTRACT.	Objective	of	this	study	was	the	investigation	of	antimicrobial	resistance	of	95	Escherichia coli strains	from	fae-
cal	 samples	 of	wild	 birds	 and	 free	 range	poultry	 in	Mazandaran	province	 (southern	Caspian	Sea	 coast	 of	 Iran),	which	were	
isolated	during	the	period	May	to	December	2012.	Isolation	rate	was	59%	or	30%	from	samples	of	free	range	poultry	or	wild	
birds,	respectively.	All	 isolates	from	free	range	poultry	were	susceptible	to	amikacin,	danofloxacin,	enrofloxacin,	gentamicin,	
neomycin,	whereas	all	were	resistant	to	carbenicillin	and	erythromycin.	In	strains	from	wild	birds,	most	common	resistance	was	
detected	to	be	to	carbenicillin	and	tetracycline.	Multi-drug	resistance	was	evident	in	all	isolates	from	free	range	poultry	and	in	
26%	of	those	from	wild	birds.	It	is	postulated	that	that	wild	birds	may	be	infected	by	antibiotic	resistant	strains	of	E. coli and	
may	serve	as	reservoirs	of	such	strains.
Keywords:	antibiotic	resistance,	Escherichia coli,	free	range,	southern	Caspian	Sea,	wild	bird.
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INTRODUCTION
Although	 the	 largest	 area	 of	 the	 territory	of	 Iran	is	 dry,	 there	 are	 several	 some	wetland	 systems	
of	 importance	 for	 a	wide	 variety	 of	waterfowl	 spe-
cies.	The	 south	Caspian	Sea,	with	700	km	of	 sandy	
shoreline,	 and	 the	 fresh-water	 lakes,	marshes	 and	
brackish	 lagoons	 in	Mazandaran,	Gilan	 and	Gorgan	
Bay	 provide	 a	 complex	 of	 breeding	 and	wintering	
areas	for	waterfowl,	almost	unequaled	in	the	Western	
palearctic	 (Scott,	 1989).	regular	 censuses	 in	 recent	
years	 have	 estimated	 the	mid-winter	 population	 of	
ducks,	geese,	swans	and	coots	at	over	1.000.000	indi-
viduals,	with,	perhaps,	as	many	birds	passing	through	
that	area	in	spring	and	autumn.	During	the	spring	and	
autumn	migration	 seasons,	 large	 numbers	 of	 shore-
birds	 pass	 through	 the	 south	Caspian	 on	 their	way	
between	breeding	grounds	in	the	Arctic	and	wintering	
grounds	in	the	Persian	Gulf	and	East	and	South	Africa	
(Martins	and	Hirschfeld,	1998).	Wild	bird	populations	
can	be	vectors	of	various	microorganisms,	which	can	
be	 excreted	 in	 faeces,	 thus	 contributing	 to	 increased	
level	 of	 contamination	of	 drinking	water	 reservoirs.	
Moreover,	wild	birds	can	transmit	those	pathogens	to	
humans	directly	by	 contaminating	 agricultural	fields	
or	surface	waters	used	for	drinking,	recreation	or	crop	
irrigation	 (Simpson,	 2002;	Cole	 et	 al.,	 2005).	 The	
free	range	poultry	sector	has	a	significant	economical	
importance	 in	 rural	 and	peri-urban	 areas	of	northern	
of	 Iran.	Farmers	depend	on	 this	 sector	 as	one	of	 the	
main	sources	 for	 their	 income,	 thus	 it	 is	 important	 to	
maintain	 this	 sector	 and	help	 it	 to	 grow.	Free-range	
chickens	reared	under	extensive	management	systems	
scavenge	 for	 food	and	 receive	 little	or	no	veterinary	
care	(Ojo	et	al.,	2012).	Consequently,	they	are	highly	
exposed	 to	numerous	pathogens	 that	 limit	 their	 pro-
duction	capacity.
Objective	of	this	study	was	to	study	Escherichia 
coli	 isolates	 from	wild	birds	and	 free	 range	poultry,	
in	 order	 to	 determine	 their	 susceptibilities	 to	 vari-
ous	antimicrobial	agents,	which	are	used	as	common	
therapeutic	antibacterial	agents.
MATERIALS AND METHODS
Sample collection
A	 total	 of	 192	 fresh	 faecal	 samples	were	 col-
lected	by	cloacal	swabs	from	clinically	healthy	wild	
birds	 and	 free-range	 poultry,	 specifically	 from	 24	
swans	(Cygnus olor	or	C. cygnus),	21	Northern	shov-
elers	 (Anas clypeata),	 18	 Eurasian	 coots	 (Fulica 
atra),	 48	 ducks,	 32	 chickens,	 28	 turkeys	 and	 21	
geese,	 on	 the	 southern	Caspian	 Sea	 coast	 of	 Iran,	
during	 the	 period	May	 to	December	 2012.	Samples	
were	sent	to	the	laboratory	within	3	to	4	hours	of	col-
lection,	appropriately	packaged.
Characterization of the isolates
Samples	were	inoculated	onto	MacConkey’s	agar	
(Merck,	Darmstadt,	Germany)	plates	and	incubated	at	
37	 °C	 for	24	hours.	Suspected	E. coli	 colonies	were	
subsequently	 inoculated	 on	Eosin	Methylene	Blue	
(EMB)	 agar	 (HiMedia,	Mumbai,	 India)	 and	 incu-
bated	as	above.	Isolates	were	tested	for	Gram-staining,	
sulfide-indole-motility,	methyl	 red,	Voges-Proskauer,	
citrate,	 catalase	 and	 triple	 sugar	 iron	 reaction	 and,	
then,	stored	on	nutrient	agar	until	used	for	antimicro-
bial	susceptibility	tests	(Holt	et	al.,	1996).
Antibiotics susceptibility test
One	colony	from	each	plate	was	 tested	for	sus-
ceptibility	to	various	antimicrobial	agents	as	detailed	
below,	 by	using	 the	 disc	 diffusion	method	 (Clinical	
and	Laboratory	Standards	 Institute,	 2008).	Bacterial	
cultures	were	 prepared	 by	 inoculating	 the	 colonies	
into	 sterile	 distilled	water,	 to	 reach	 an	 inoculum	
turbidity	 equivalent	 to	 a	 0.5	McFarland	 turbidity	
standard.	Disks	of	 the	 following	antibacterial	agents	
were	applied	on	Mueller-Hinton	(Merck,	Darmstadt,	
Germany)	media:	 ampicillin	 (10	 μg),	 carbencillin	
(100	 μg),	 tetracycline	 (30	 μg),	 oxytetracycline	 (30	
μg),	 erythromycin	 (15	μg),	 flumequine	 (FM/30	μg),	
florfenicol	 (30	μg),	 enrofloxacin	 (5	μg),	 ciprofloxa-
cin	(5	μg),	danofloxacin	(10	μg),	neomycin	(30	μg),	
streptomycin	 (10	μg),	 amikacin	 (30	μg),	 gentamicin	
(10	μg),	 lincomycin	+	 spectinomycin	 (15	μg	+	 200	
μg).	All	 antibiotic	 discs	 obtained	 from	Padtan	Teb	
(Tehran,	Iran).	E. coli	strains	ATCC	25922	was	used	
as	reference	strain.
RESULTS
E. coli isolation
E. coli	was	isolated	from	95	(76	free	range	and	
19	wild)	samples,	with	an	 isolation	rate	of	59%	and	
30%	from	free	range	poultry	and	wild	birds,	respec-
tively.
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tant	strains	or	antibiotic	resistance	genes	(Cole	et	al.,	
2005;	Dolejska	et	al.,	2007).	Antimicrobial	resistance	
of	E. coli	strains	in	livestock	and	human	populations	
is	well	 documented	 (Faldynova	 et	 al.,	 2003;	Grape	
et	 al.,	 2003;	Guerra	 et	 al.,	 2003).	 Interaction	with	
human	 and	 agricultural	waste	materials	may	 spread	
pathogenic	 bacteria,	 including	 antibiotic-resistant	
isolates	 to	wildlife,	 potentially	 creating	 an	 addi-
tional	 environmental	 reservoir	 of	 these	 organisms.	
Migratory	 birds	 in	 close	 contact	 with	 humans	 or	
domestic	animals,	e.g.,	 free	range	poultry,	may	play	
a	 role	 in	 the	 dissemination	 of	 these	 pathogens	 over	
long	distances	and	large	areas.
Very	 low	 resistance	 to	 fluoroquinolones	 (cip-
rofloxacin,	 danofloxacin,	 enrofloxacin,	 norfloxa-
cin)	was	 evident	 in	 this	 study,	whilst	 isolates	 had	
increased	 resistance	 to	 erythromycin,	 carbenicillin,	
tetracycline	 and	 ampicillin.	The	 study	 corroborates	
the	 findings	 of	Kwak	 et	 al.	 (2005),	who	 reported	
high	 resistance	 to	 tetracycline	 and	 carbenicillin	 in	
free	 range	chicken.	Also,	Dolejska	et	al.	 (2007)	and	
Guenther	 et	 al.	 (2010)	 have	 also	 reported	 increased	
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Antimicrobial susceptibility in free range poultry
All	E. coli	isolates	from	free	range	poultry	were	
susceptible	 to	 amikacin,	 danofloxacin,	 enrofloxacin,	
gentamicin	and	neomycin,	whereas	all	were	resistant	
to	 carbenicillin	 and	 erythromycin	 (Table	 1).	High	
rates	of	resistance	also	were	detected	against	colistin,	
tetracycline	and	ampicillin.	Multi-drug	resistance	was	
evident	in	all	E. coli	isolates;	the	pattern	varied	from	
two	to	12	drugs	(Table	2).	In	total,	32	isolates	gener-
ated	18	different	 patterns	 of	 antimicrobial	 resistance	
(Table	3).
Antimicrobial susceptibility in wild birds
Most	 commonly,	 isolates	were	 resistant	 to	 car-
benicillin	and	tetracycline	(Table	1).	Multi-drug	resis-
tance	was	found	in	26%	of	the	isolates.
DISCUSSION
Wild	 birds	 can	 be	 reservoirs	 of	 various	 patho-
genic	 bacteria,	 including	E. coli	 (Simpson,	 2002;	
Pennycott	et	al.,	2006),	as	well	as	of	antibiotic-resis-
Table 1.	Antimicrobial	drug	resistance	in	Escherichia	coli	isolates	from	wild	or	free	range	birds	in	Northern	Iran
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Table 2.	Frequency	of	multi-drug	resistance	in	Escherichia	coli	isolates	from	wild	or	free	range	birds	in	Northern	Iran.
isolates.	Although	free	range	chickens	hardly	receive	
any	modern	veterinary	attention,	they	maintain	close	
contact	 through	 various	ways	with	microorganisms	
from	other	hosts	in	their	environment.
Increased	multi-drug	resistance	has	been	report-
ed	 in	E. coli	 isolates	 in	many	 countries,	 includ-
ing	 Iran	 (Cabassi	 et	 al.,	 2004;	 Khoshkhoo	 and	
Peighambari,	 2005;	Ozawa	 et	 al.,	 2008;	Carneiro	 et	
al.,	 2010;	Li	 et	 al.,	 2010).	This	 situation	 in	E. coli	
isolates	 of	 avian	 origin	 has	 emphasized	 the	 impor-
tance	 of	 antimicrobial	 susceptibility	 tests	 to	 select	
efficient	 antimicrobial	 agent	 against	 this	 pathogen.	
In	 our	 study,	 all	E. coli	 isolates	 demonstrated	 that	
pattern	 of	multi-drug	 resistance	 in	 number	 of	 anti-
bacterial	 agents	 varied	 between	 2	 to	 12,	which	 is	
comparable	with	relevant	previous	work	(Khoshkhoo	
and	Peighambari,	 2005).	Wild	 birds	 are	 able	 to	 act	
as	 carriers	 of	 such	E. coli	 isolates	 and	 spread	 them	
around.	Guenther	 et	 al.	 (2010)	 studied	 187	E. coli	
isolates	from	faeces	and	internal	organs	of	wild	birds	
and	 showed	 that	 8%	 of	 isolates	 were	multi-drug	
resistant.	 In	 Iran,	 free	 range	 poultry	 keep	 in	 open	
system,	so	the	contact	with	wild	birds,	in	addition	to	
the	increased	risk	of	diseases	transmission,	could	act	
resistance	 to	 ampicillin,	 streptomycin	 and	 tetracy-
cline	 in	 black-headed	 gulls	 and	 common	European	
wild	bird	species,	respectively.
Ojo	et	al.	 (2012)	have	reported	 increased	resis-
tance	 (average	 47%)	 to	 fluoroquinolones	 in	 free-
range	 chickens	 in	Nigeria.	 Increased	 use	 of	 fluoro-
quinolones	 instead	of	older-generation	antimicrobial	
agents	leads	to	gradual	emergence	of	bacterial	strains	
resistant	 to	 these	 antibacterials	 (Kurutepe	 et	 al.,	
2005).	Our	 results	 are	 close	 to	 results	 of	Obeng	 et	
al.	 (2012),	who	have	not	 found	 increased	 resistance	
to	fluoroquinolones	 in	E. coli	 isolates	 from	healthy	
commercial	and	free-range	chickens	in	Australia.
A	 frequent	 occurrence	of	E. coli	 isolates	 resis-
tant	 to	 antibiotics	 in	wild	 and	 free	 range	birds	may	
reflect	 antibiotic	 resistance	 in	 livestock	 (poultry,	
swine,	 cattle)	 and	 human	 population	 as	wild	 birds	
currently	pass	through	or	near	animal	farms	seeking	
for	food.	In	addition,	wild	fowl	are	in	continued	con-
tact	with	water	 sources	 or	 reservoirs,	where	waste-
water	from	farms	and	cities	is	discharged.
The	 high	multi-antibiotic	 resistance	 observed	
in	E. coli	 from	 free	 range	 and	wild	 birds	 can	 be	
explained	by	the	extensive	use	of	antibiotics	in	poul-
try	and	cross-resistance	with	free	range	or	wild	birds	
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CB: carbenicillin, E: erythromycin, CL: colistin, TE: tetracycline, OTC: oxytetracycline, AM: ampicillin, S: streptomycin, LP: lincomycin+spectinomycin, 
FF= florfenicol, C= ciprofloxacin.
Table	3.	Drug	resistance	patterns	in	Escherichia	coli	isolates	from	wild	or	free	range	birds	in	Northern	Iran.
as	potential	sources	of	antimicrobial	resistant	isolates.
Drug-resistant	bacterial	isolates	of	animal	origin	
may	spread	into	human	population	by	direct	contacts	
and	 through	 animal-origin	 foods	 (Soulsby,	 2008).	
These	 bacteria	may	 colonize	 humans	 and	 the	 genes	
coding	 for	 antibiotic	 resistance	 can	 be	 transferred	
to	 the	 bacteria	 of	 natural	micro-flora	 of	 people	 or	
to	 pathogenic	 bacteria.	resistant	 bacteria	 present	 in	
the	 environment	may	 infect	 other	 animals	 and	 then,	
through	 the	 food	 chain,	may	 return	 back	 to	 humans	
(Hawkey,	2008).
CONCLUDING REMARKS
The	 present	 study	 showed	 relatively	 increased	
antibiotic	 resistance	 among	E. coli	 isolates	 from	
free	 range	 poultry	 in	 northern	 Iran	 and	 indicates	
that	wild	birds	can	be	a	host	reservoir	of	resistant	E. 
coli	 strains,	probably	 reflecting	 the	presence	of	 such	
strains	in	their	sources	of	food	and/or	water.
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